nearly horizontal, now intersect the surface at various angles and in narrow belts. The surface differs with the outcrop of different kinds of rock, so that sharp ridges and narrow valleys of great length follow the narrow belts of hard and soft rock. Owing to the large amount of calcareous rock brought up on the steep folds of this division, its surface is more readily worn down by streams and is lower and less broken than that of the divisions on either side.
The eastern division of the province embraces the Appalachian Mountains, a system which is made up of many minor ranges and TheAppaIa_ which, under various local names, ex-2K"; *££££" tends from southern New York to ranges* central Alabama. Some of its prominent parts are the South Mountain of Pennsylvania, the Blue Ridge and Catoctin Mountain of Maryland and Virginia, the Great Smoky Mountains of Tennessee and North Carolina, and the Cohutta Mountains of Georgia. Many of the rocks of this division are more or less crystal-Nature of the line, being either sediments which have rocksbeen changed to slates and schists by varying degrees of metamorphism, or igneous rocks, such as granite and diabase, which have solidified from a molten condition.
The western division of the Appalachian province embraces the Cumberland Plateau and the Allegheny Mountains and the lowlands The Cumber= of Tennessee, Kentucky, and Ohio. Its lan^ ^^ northwestern boundary is indefinite, but may be regarded as an arbitrary line coinciding with the Mississippi River as far up as Cairo, and then crossing the States of Illinois and Indiana. Its eastern boundary is sharply defined along the Appalachian Valley by the Allegheny front and the Cumberland escarpment. The rocks of this division are almost entirely of sedimentary origin and remain very nearly horizontal. The character of the surface, which is dependent on the character and attitude of the rocks, is that of a plateau more or less completely worn down. In the southern half of the province the Itg varied plateau is sometimes extensive and toP°graPhy-perfectly flat, but it is oftener much divided by streams into large or small areas with flat tops. In West Virginia and portions of Pennsylvania" the plateau is sharply cut by streams, leaving in relief irregularly rounded knobs and ridges which bear but little resemblance to the original surface. The western portion of the plateau has been completely removed by erosion, and the surface is now comparatively low and level, or rolling.
Altitude of the Appalachian province. The Appalachian province as a whole is broadly dome-shaped, its surface rising from an altitude of about 500 feet along the eastern margin to the crest of the Appalachian Mountains, and thence descending westward to about the same altitude on the Ohio and Mississippi rivers.
Each division of the province shows one or more culminating points. Thus the Appalachian Mountains rise gradually from less ...... .' .
O
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Altitudes of
than 1000 feet in Alabama to more chlanttnthan 6600 feet in western North Carolina. From this culminating point they decrease to between 4000 and 3000 feet in southern Virginia, rise to 4000 feet in central Virginia, and descend to 2000 or 1500 feet on the MarylandPennsylvania line.
The Appalachian Valley shows a uniform increase in altitude from 500 feet or less in Alabama to 900 feet in the vicinity of
Chattanooga. 2000 feet at the Tennes-the Appasia= chian Vallev see-Virginia line, and 2600 or 2700 feet at its culminating point, on the divide between the New and Tennessee rivers. From this point it descends to 2200 feet in the valley of New River, 1500 to 1000 feet in the James River basin, and 1000 to 500 feet in the Potomac basin, remaining about the same through Pennsylvania. These figures represent the average elevation of the valley surface, below which the stream channels are sunk from 50 to 250 feet, and above which the valley ridges rise from 500 to 2000 feet.
The plateau, or western, division increases in altitude from 500 feet at the southern edge of the province to 1500 feet in northern Alabama, 2000 feet in central Tennessee, and 3500 feet in southeastern Kentucky. It is between 3000 and 4000 feet in West Virginia, and decreases to about 2000 feet in Pennsylvania. From its greatest altitude, along the eastern edge, the plateau slopes gradually westward, although it is generally separated from the interior lowlands by an abrupt escarpment.
Drainage of the Appalachian province. The drainage of the province is in part eastward to the Atlantic, in part southward to the _. ..
' L Direction of
Gulf, and in part westward to the Mis-outflowsissippi. All of the western, or plateau, division of the province, except a small portion in Pennsylvania and another in Alabama, is drained by streams flowing westward to the Ohio. The northern portion of the eastern, or Appalachian Mountain, division is drained eastward to the Atlantic, while all of the area south of New River except the eastern slope is drained westward by tributaries of the Tennessee River or southward by tributaries of the Coosa. The position of the streams in the Appalachian Valley is dependent upon the geologic structure. In general they flow in courses which .
for long distances are parallel to the ofstreamssides of the Great Valley, following the lesser valleys along the outcrops of the softer rocks. These longitudinal streams empty into a number of larger, transverse rivers, which cross one or the other of the barriers limiting the valley. Jn the northern portion of the province they form the Delaware, Susquehanna, Potomac, James, and Roanoke rivers, each of which passes through the Appalachian Mountains in a narrow gap and flows eastward to the sea. In the central portion of the province, in Kentucky and Virginia, these longitudinal streams form the New (or Kanawha) River, which flows westward in a deep, narrow gorge through the Cumberland Plateau into the Ohio River. From New River southward to northern Georgia the Great Valley is drained by tributaries of the Tennessee River, which at Chattanooga leaves the broad valley and, entering a gorge through the plateau, runs westward to the Ohio. South of Chattanooga the streams flow directly to the Gulf of Mexico.
Local geography of the Wai^tburg quadrangle. Within the limits of the Wartburg quadrangle only one geographic division, the Cumberland Plateau, appears. By far the greater part of this area consists of a well-developed plateau, but along its eastern and southern border irregular mountains rise to considerable heights above the plateau level. The drainage of the region is tributary to several river systems. The southern half of the area is drained through the . ' .°
Local river
Obed and Emory rivers into the Ten-systemsnessee River, the northern half through the South Fork of the Cumberland River into the Ohio, and the western edge by Obey River into the Cumberland River and the Ohio. The South Fork of the Cumberland River. and the Obey River head within the quadrangle.
The streams of the mountains fall rapidly from their sources to a level of 1400 or 1500 feet, from which altitude they descend less rapidly to 800 or 900 feet at the borders of this quadrangle and near the edges of the plateau. The streams of the plateau head upon its surface at 1500 to 1800 feet above the sea, fall rapidly near their headwaters, and have many sluggish stretches in their lower courses. Their valleys are deep, and the slopes rise continuously from narrow bottoms to the divides.
Through most of the plateau the large streams are sunk in deep, narrow channels, which are lined by high cliffs and are from 300 to 1000 feet below the level of the plateau. In this region the topography varies much, depending in all cases upon the influence of erosion on the different formations. Such rock-forming minerals as carbonates of lime and magnesia, and _.°
' f Conditions
to a less extent feldspar, are readily chara^rof
removed by solution in water. Rocks topographycontaining these minerals in large proportions are therefore subject to decay by solution, which breaks up the rock and leaves the insoluble matter less firmly coherent. Frost and rain and streams break up and carry off this insoluble residue, and the surface is worn down. According to'the nature and amount of the insoluble matter the rocks form high or low ground. Calcareous rocks, leaving the least residue, occupy the low ground. The topography of the plateau is entirely unlike that of the adjacent Great Valley. The straight valley ridges are wanting. The Iateau The rocks of the plateau are composed featuresmainly of two classes, sandstone and shale, and each, with different varieties, has a characteristic effect on the surface forms. Sandstones make cliffs, table-topped heights, and benches which stand out sharply from the smoother shale slopes. Inasmuch as the rocks are practically flat, these features are conspicuous by their regularity of level. Exceptions to this are seen along the southern border of this quadrangle in Peavine and Hartfleld mountains, and on the slopes of Crab Orchard Mountain, where the ridges follow the folded Lee conglomerate.
The divides in the mountainous portion of the plateau vary in height from 2000 to 3100 feet. Over the plateau proper the summits rise gradually westward from 1500 up to 1800 feet. Sandstones marked by ripples and cross-bedded by currents, and shales cracked by drying on mud flats, indicate shallowT water; while limestones, especially by the fossils they contain, indicate greater depth of water and scarcity of sediment. The character of the adjacent land is shown by the character of the sediments derived from its waste. Coarse sandstones and conglomerates, such as are found in the Coal Measures, were derived from high land on which stream grades were steep, or they may have resulted from wave action as the sea encroached upon a sinking coast. Red sandstones and shales, such as make up some of the Cambrian and Silurian formations, result from the revival of erosion on a land surface long exposed to rock decay and oxidation, and hence covered by a deep residual soil. Limestones, on the other hand, if deposited near the shore, indicate that the land was low and that its streams were too sluggish to carry off coarse sediment, the sea receiving only fine sediment and substances in solution.
The sea in which these sediments were laid down covered most of the Appalachian province and the Mississippi basin. The Wartburg quadrangle was near its eastern margin, and the materials of which its rocks are composed were therefore derived largely from the land to the east. The exact position of the eastern shore-line of this ancient sea is not known, but it probably varied from time to time within rather wide limits.
Four great cycles of sedimentation are recorded in the rocks of this region. Beginning with the first definite record, coarse sandstones and shales were deposited in early hMory of Cambrian time along the eastern border of the interior sea as it encroached upon the land. As the land was worn down and still further depressed, the sediment became finer, until in the Knox dolomite of the Cambro-Silurian period very little trace of shore material is seen. Following this long period of quiet was a slight elevation, producing coarser rocks; this became more and more pronounced, until between the lower and upper Silurian the land was much expanded and large areas of recently deposited sandstones were lifted above the sea, thus completing the first great cycle. Following this elevation came a second depression, during which the land was again worn down nearly to baselevel, affording conditions for the accumulation of the Devonian black shale. After this the Devonian shales and sandstones were deposited, recording a minor uplift of the land, which in northern areas was of great importance. The third cycle began with a depression, during which the Carboniferous limestone accumulated, containing scarcely any shore waste. A third uplift brought the limestone into shallow water portions of it perhaps above the sea -and upon it were deposited, in shallow water and swamps, the sandstones, shales, and coal beds of the Carboniferous. Finally, at the close of the Carboniferous, gradual further uplift ended the deposition of sediment in the _ ....
Fossiliferous
Appalachian province, except along its borders in recent times.
TJie rocks of this area. The columnar section shows the composition, name, age, and thickness of each formation which outcrops within the quadrangle. "There are also added to the columnar section the Devonian and uppermost Silurian formations, which underlie the plateau, although they do not appear at the surface in this region. The rocks of this quadrangle were deposited entirely during the Carboniferous, and they represent a large number of the strata formed during that period. The formations lie in three groups of but slightly different age. Over the eastern half of the region are spread tincterock the later formations, those above the Lee conglomerate. The latter formation makes the surface of the remainder of the plateau, while in the deep stream-cuts in the northern and western part of the plateau appear the underlying Carboniferous limestones and shales. The first group is siliceous, argillaceous, and carbonaceous; the second is mainly siliceous; and the last is chiefly calcareous. All of the formations lie in nearly horizontal layers, seldom being noticeably folded. Accordingly the belts of rock follow horizontally all the irregularities of the slopes and ravines. The rocks will be described in order of age.
CARBONIFEROUS EOCKS.
Newman limestone. This formation, which derives its name from Newman Ridge, Hancock County, Tennessee, where it occurs in great outcrops, appears in many large and small areas along the northwestern part of the plateau. It consists of massive blue and dovecolored limestones interbedded near the top with thin layers of green and cherty beds' purple calcareous shale. About 300 feet of the lower limestones contain an immense amount of chert in the form of black banded concretions or of white chalcedonic nodules. Geodes lined with quartz crystals are often to be observed. Chert occurs in the upper layers also, but is much less frequent. The limestones contain many fragments of crinoids, corals, and brachiopods of Carboniferous age, and the chert also is frequently full of fossils, chiefly crinoids. The thickness of the formation is from 400 to 700 feet, and decreases in a westerly direction. In its upper portion, in Poplar Cove, occur thin beds of conglomerate formed of limestone pebbles, which indicate erosion of the formation in some neighboring locality. Alternations of limestone and green shale form a passage upward into the Pennington shale. A bed of grayish sandstone, from 10 to 30 feet thick, lies 150 feet from the top of the formation; in adjacent regions toward the west this bed thickens and becomes an important stratum. Near the base of the formation in the northwestern part of this quadrangle many beds of calcareous shale appear in the limestones.
Below this formation and grading into it lies the Waverly shale, consisting of calcareous and sandy shales, shaly sandstones, limestones, and cherty masses. All of these beds have a prevailingly dark color, and the shales are frequently tinged with red or brown. sSsfone?'
The chert is very prominent near the ^f/j^es'" base. This formation does not outcrop in the Wartburg quadrangle, but it is encountered in the borings for petroleum, and is introduced in the columnar section with the underlying Devonian and Silurian formations. The Waverly shale does not appear at the surface in the adjoining Briceville quadrangle, but dies out near the eastern edge of the Wartburg. In the structure section the Waverly is included with the Newman limestone. The soluble nature of the Newman limestone usually consigns it to the valleys, where it forms a rolling surface. Its cherty portions resist solution well enough to form rounded hills and low ridges or, in places, obscure benches. Decay of the formation produces a stiff, red clay mingled with chert, and the soils thereon afford fairly fertile land. The best soil is found on the upper portions, where the accumulation of chert is not great, but these usually lie at rather steep slopes near the Lee conglomerate or are removed by erosion.
Pennington shale. Outcrops of this formation are found, like the Newman limestone, in deep cuts in the plateau, occupying narrow belts protected by the Lee conglomerate cliffs. The shale receives its name from Pennington Gap, Clinch Mountain, in Virginia, where it occurs prominently. The formation is composed in the main of calcareous shale of red, purple, and _, ' r Jr ' Calcareous green colors, and contains many beds bedseoTiime= of blue and dove-colored limestone and stone' gray, sandy shale. In the limestone beds many fossils are found similar to those of the Newman limestone. Along the border of the plateau south of this region this formation does not appear; it thins out at some place in the central part of the plateau. The formation varies in thickness from 145 to 250 feet along the western and northern parts of the plateau. Decay proceeds rapidly in this formation, owing to its softness and solubility, and usually only a few bright-colored shale beds project through a brownish clay. Its soils are naturally good and fertile, but they lie in small areas and their steep slopes are strewn with wash from the Lee conglomerate.
Lee conglomerate. Almost one-half of the plateau in this quadrangle is occupied by a broad belt of this formation. It consists in the main of massive sandstone, but it includes many beds of shale, and two layers in sandstone conglomerate. The siliceous layers are thick and very massive, so that they form a series of cliffs, from 40 to 300 feet high, which rim the narrow canyons in the plateau. The topmost member of the formation consists of cross-bedded sandstone from 50 to 80 feet thick, which, with a shale bed 50 to 100 feet thick underlying it, is very regularly found, and invariably makes a series of cliffs. Around Helenwood and along Emory River these members are finely shown. In this uppermost sandstone on Emory River is found a 3-foot bed of coal, which is mined at several points. This seam outcrops at many points over the eastern part of the plateau and has an average thickness of 2 feet. Various other coal seams occur, usually in the shale beds, but they are rather irregular in thickness and extent. The most important coals occur in the shales occupying the lower part of the formation and shown on the Economic Geology sheet. West of Jamestown openings have been made in these strata on coal seams from 2 to 4 feet thick. These seams extend to the north and south for considerable distances, and are found by drilling as far southeast as Clear Fork. In this area the formation varies greatly in thickness. Ten miles southeast of Wartburg it is 900 feet thick; at the head of Obed River, 400 feet; a boring at Rugby gave 500 feet, and one at Rugby Road gave 700 feet, while the Cumberland River exposes 500 feet. Between Rugby Road and Rugby the bottom bed, consisting of 250 feet of _, . M ' ° Variableness sandstone and conglomerate, diminishes § thecskanned= to 80 feet, as was shown by the bor-stone' ings, and farther west it dies out, so that the intermediate shales and coal beds at Rugby Road form the base of the formation at Jamestown. South of Jamestown, toward Obed River, the reverse change takes place, and the conglomerate reappears beneath the shale body.
In the columnar section of the formation for the adjoining Briceville quadrangle it is seen that the conglomerate and sandstone have thickened immensely, while the shales have practically disappeared. Similar but smaller unconformities are exhibited at many points along the gorges of Cumberland and Emory rivers, where sudden changes of thickness of 40 and 50 feet can frequently be observed. Evidence of the strength of the currents that deposited the coarser beds is found in the size of the conglomerate pebbles and the frequent cross-bedding of the sandstones.
Owing to the extreme hardness of the siliceous beds in this formation solution makes little headway, and the hard layers are broken down by the slow undermining of the shale beds. Where the formation comes to the surface it makes a plateau, whose level abruptly changes at the canyon edges to lines of cliffs and steep descents. Many of the cliffs along the larger streams attain a height of 200 or 300 feet and form serious obstructions to travel. Since the sandstone beds thus form most of the surface, the soils are thin and sandy. They repay careful cultivation, but are worn out easily and are subject to drought on account of their easy drainage and poor supply of water.^B riceville shale. Many areas of this formation are found in the eastern half of this quadrangle. Its name is taken from Briceville, Anderson County, Tennessee, which is situated upon one of its areas. The formation is composed mainly of bluish-gray and black argillaceous and sandy shale, and it contains many work-wfth many able seams of coal and small beds of sandstone. Like the Lee conglomerate, this formation thins toward the north and west, so that a thickness of 400 feet on the lower Emory River is represented by 350 feet at Wartburg and by 200 to 250 feet north of Helenwood. The individual beds of sandstone vary from 1 to 10 or 20 feet in thickness, and differ in appearance only by being massive or thin-bedded. Added importance is given to the formation by the mines which are located upon its coal seams.
The shales, owing to their fine grain, offer little resistance to weathering, and the formation never occupies high ground. The sandstone beds are hard enough to form ledges and small tabletopped knobs, but are not thick enough to produce prominent ridges. Some of its sandstones in outlying areas may be readily confused with the overlying Wartburg sandstone. The clay soils produced by the shales are thin and poor and are considerably modified by waste from the sandstone beds.
Wa/ribwrg sandstone. Areas of this sandstone are very numerous in the mountain district. Since the formation usually lies above water level, except near the larger stream divides, the sandstone occupies narrow belts winding in and out around the uplands. The town of Wartburg, Morgan County, is situated upon and furnishes the name for this sandstone, The formation consists of interbedded shales, and thin coals.
sandstone, sandy shales, argillaceous shales, and coal beds. Perhaps as much as onehalf of the formation is sandstone, the two beds at the top and bottom being especially conspicuous. This is due largely to the contrast with the shales of the adjacent formations, for other sandstone layers in this formation are equally thick and massive. As many as five seams of coal occur with these strata, and one of the coal beds is mined at Glenmary. The sandstone beds vary in thickness from a few inches to 50 feet, and the shale beds are of similar size; the coal beds are from 2 inches up to 4 feet thick. Most of the sandstones are pure and fine-grained; occasionally a small layer exhibits cross-bedding, but otherwise they are all very much alike. The formation ranges from 500 to 600 feet in thickness.
Of the many spurs and benches which are caused by the sandstone beds the most prominent is the uppermost, which is usually a long, flattopped spur or table standing out from the overlying shales. The lowest sandstone bed forms nearly as large benches and tables. All of the sandstones resist weathering on account of their siliceous nature, and cause cliffs in some portions of their course. The lowest bed almost universally produces a series of cliffs from 15 to 50 feet in height, while several higher beds cause similar series that here and there may easily be mistaken for the bottom cliff. The coal beds are readily subject to weathering, and natural outcrops of coal are quite uncommon, except when the coal bed directly underlies and is protected by a sandstone bed. Coal beds which are underlain by clay-shale or fire-clay are marked by lines of seeps and springs whose waters contain alum and copperas. The outcrops of a coal bed are usually shown by a bench from 5 to 20 feet in width. Soils derived from this formation are thin and sandy and are much encumbered with sandstone waste. As they usually lie on steep slopes, they produce but scanty natural growth and are of almost no value for farming purposes.
Scott shale. This formation appears in narrow belts encircling those ridges which rise over 2000 feet above the sea-level. Its name is taken from Scott County, in which it occurs frequently. The formation consists mainly of argillaceous and sandy shales, but includes also _ . . , > ' Sandy shale, many beds of shaly sandstone, a few -SJacSiSP6' massive sandstones, and five or six coal seamsseams. All of these strata are very similar in composition to those of the Wartburg sandstone, and descriptions of individual beds would be only a repetition. In this formation, however, the amount of shale is much greater than that of the sandstone, the sandstones are thinner, and the coal beds rarely exceed 2 feet in thickness. A short distance above the Wartburg sandstone is found a coal seam 6 feet thick, the largest of the series. The total thickness of the formation ranges from 500 to 600 feet, with no apparent system in the variations. In a few places one or two of the upper sandstones cause cliffs from 5 to 30 feet high, but ordinarily the formation occupies steep slopes marked by many narrow benches and few outcrops. Soils of this formation are thin and sandy, but are occasionally tilled near the summits of ridges, where the slopes are less steep. Only scanty crops are produced, and the timber growth is small. A.nderson sandstone. Areas of this formation cap all portions of the mountain district which rise above 2600 feet. It occurs frequently in that position in Anderson County, hence its name. The formation consists, like the three preceding ones, of sandstones, sandy and argillaceous shale, and coal beds. The bottom of the series is marked by sandstonê at the base.
massive sandstones in heavy beds from 20 to 50 feet thick, with a total of 100 to 120 feet. Above these follow 300 to 400 feet of interbedded shales and thin beds of massive sandstone, which are capped in the higher mountains by thick, massive sandstones like the bottom layers. Four or more coal seams are found in and a short distance above the lower massive sandstones. Few of these coals are as thick as 2 feet, and they grade into carbonaceous shale. Individual beds of this formation are precisely similar in composition to those of the two preceding formations. Inasmuch as the formation appears only on mountain tops its original thickness is not known; 550 feet now remains.
Owing to the extremely durable nature of the heavy sandstones of this formation, they are marked by lines of cliffs which encircle the mountains in steps from 15 to 50 feet high. The shales offer less resistance to weathering and make smooth, rounded summits and gentler slopes; the sandstones form abrupt descents or broad, flat tables bounded by cliffs. Light, sandy soils accumulate on the tops of these tables and are here and there cultivated. Over the central shaly portions of the formation soils are somewhat more clayey and afford fair farming land on the summits.
STRUCTURE.
Definition of terms.
As the materials forming the rocks of this region were deposited upon the sea bottom, they must originally have lain in nearly horizontal sheets or layers. At present, however, the beds are usually not horizontal, but are inclined at various angles, their edges appearing at the surface. The angle at which they are inclined is called the dip. A bed which dips beneath the surface may elsewhere be found rising; the fold, or trough, between two such outcrops is called a syncline.
A stratum rising from one syncline may often be found to bend over and descend into another; the fold, or arch, between two such outcrops is called an anticline. Synclines and anticlines side by side form simple folded structure. A synclinal axis is a line running lengthwise in the synclinal trough, at every point occupying its lowest part, toward which the rocks dip on either side. An anticlinal axis is a line which occupies at every point the highest portion of the anticlinal arch, and away from which the rocks dip on either side. The axis may be horizontal or inclined. Its departure from the horizontal is called the pitch, and is usually but a few degrees. In districts where strata are folded they are also frequently broken across and the arch is thrust over upon the trough. Such a break is called a fault. If the arch is worn away and the syncline is buried beneath the overthrust mass, the strata at the surface may all dip in one direction. They then appear to have been deposited in a continuous series. Folds and faults are often of great magnitude, their dimensions being measured by miles, but they also occur on a very small, even a microscopic, scale. In folds and faults of the ordinary type, rocks change their form mainly by motion on the bedding planes. In the more minute dislocations, however, the individual fragments of the rocks are bent, broken, and slipped past each other, causing cleavage. of the three geographic divisions. In the plateau region and westward the rocks are generally flat and retain their original composition. In the valley the rocks have been steeply tilted, bent into folds, broken by faults, and to some extent altered into slates. In the mountain district, faults and folds are important features of the structure, but cleavage and metamorphism are equally conspicuous. The folds and faults of the valley region are parallel to each other and to the western shore of the ancient continent. They extend structures may be very long. Jb aults 300 miles long are known, and folds of even greater length occur. The crests of most folds continue at the same height for great distances, so that they present the same formations. Often adjacent folds are nearly equal in height, and the same beds appear and reappear at the surface. Most of the beds dip at angles greater than 10°; frequently the sides of the folds are compressed until they are parallel. Generally the folds are smallest, most numerous, and most closely squeezed in thin-bedded rocks, such as shale and shaly limestone. Perhaps the most striking feature of the folding is the prevalence of southeastward dips.
In some sections across the southern portion of the Appalachian Valley scarcely a bed can be found which dips toward the northwest.
Faults were developed in the northwestern sides of anticlines, varying in extent and frequency with the changes in the strata. Almost every fault plane dips toward the southeast and is approximately parallel to the bedding planes of the rocks lying southeast of the fault. The fractures extend across beds many thousands of feet thick, and in places the upper strata are pushed over the lower as far as 6 or 8 miles. There is a progressive change in character of deformation from northeast to southwest, resulting in different types in different places. In southern New York folds and faults are rare and small; passing through Pennsylvania toward Virginia, they become more numerous and steeper. In southern Virginia they are closely compressed and often closed, while occasional faults appear. The folds, in passing through Virginia into Tennessee, are more and more broken by faults. In the central part of the valley of Tennessee, folds are generally so obscured by faults that the strata form a series of narrow, overlapping blocks, all dipping southeastward. Thence the structure remains nearly the same southward into Alabama; the faults become fewer in number, however, and their horizontal displacement is much greater, while the remaining folds are somewhat more open.
In the Appalachian Mountains the southeastward dips, close folds, and faults that characterize the Great Valley are repeated. The strata are also traversed by the minute breaks of cleavage and metamorphosed by the mIeta'm!r=and growth of new minerals. The cleavage planes dip to the east at from 20° to 90°, usually about 60°. This form of alteration is somewhat developed in the valley as slaty cleavage, but in the mountains it becomes important and often destroys all other structures. All rocks were subjected to this process, and the final products of the metamorphism of very different rocks are frequently indistinguishable from one another. Throughout the eastern Appalachian province there is a regular increase of metamorphism toward the southeast, so that a bed quite unaltered at the border of the Great Valley can be traced through greater and greater changes until it has lost every original character.
The structures above described are the result chiefly of compression, which acted in a northwest-southeast direction, at right angles to the trend of the folds and of the cleavage planes. The force of compression became effective early in the Paleozoic era, and reappeared at various epochs up to its culmination, soon after the close of the Carboniferous period.
In addition to this force of compression the Wartburg 3.
compression.
province has been affected by other forces which acted in a vertical direction and repeatedly raised or depressed its surface. The compressive forces were limited in effect to a narrow zone. Broader in its effect and less intense at any point, the vertical force was felt throughout the province. Three periods of high land near the sea and three periods of low land are indicated by the character of the Paleozoic sediments. In postPaleozoic time, also, there have been at least four and probably more periods of decided oscillation of the land, due to the action of vertical force. In most cases the movements have resulted in the warping of the surface, and the greatest uplift has occurred nearly along the line of the Great Valley.
Structure sections. The sections on the Structure sheet represent the strata as they would appear in the sides of a deep trench cut across the country. Their position ri"a«ons0ofnd
with reference to the map is on the line at the upper edge of the blank space. The vertical and horizontal scales are the same, so that the actual form and slope of the land and the actual dips of the strata are shown. These sections represent the structure as it is inferred from the position of the strata observed at the surface. On the scale of the map the sections can not represent the minute details of structure, and they are therefore somewhat generalized from the dips observed in a belt a few miles in width along the line of the section.
Faults are represented on the map by a heavy solid or broken line, and in the sections by a line whose inclination shows the probable dip of the fault plane, the arrows indicating the direction in which the strata have been moved on its opposite sides.
Structure of the Wartburg quadrangle. One type of structure prevails over nearly the whole of the Wartburg quadrangle. With a few exceptions the rocks have scarcely been Thehori= moved from the attitudes in which JiJSSfu they were deposited and they now lie structurein layers so nearly flat that the dip can seldom be measured in a single outcrop. A few limited districts are found in which the rocks have been tilted to an appreciable extent, and in one area the layers have been broken by a fault.
Along a line running north and south through Jamestown the strata have the greatest general elevation, and are practically at the same height as far south as Obed River. Eastward from this line the strata dip gently toward the east until they reach a second north-and-south line which passes through Armathwaite, Burrville, Deer Lodge, and Pilot Knob. Beyond this line the rocks have a more perceptible dip toward the east, the upper formations descend and occupy most of the surface, and the Lee conglomerate appears only along the stream cuts. Three similar zones pass northeast and southwest, through Helenwood, Pilot Mountain, and Wartburg respectively, in which the strata dip toward the southeast. Sections A, B, and C illustrate these dips. Disturbances of greater amount appear south of Obed River in Lavender Sharper foldKnob, Peavine Mountain, Hatfield ingMountain, the northern slopes of Crab Orchard Mountain, and a sharp ridge running southeast from Nemo. All of these ridges are produced by small anticlines in the Lee conglomerate, which are the terminations of folds of greater size toward the southwest. Between these anticlines synclines are formed, which are as irregular as the arches. Several minor synclines appear in the eastern part of the region, two of which, passing northeast, one through Melhorn Ford and the other just east of Rugby Road, are readily discovered. The only fault which appears in the entire area passes 3 miles southeast of Melhorn Ford and is traceable at intervals for several miles both northeast and southwest. This break is of an unusual type, in which the rocks have been snapped directly across, even the most massive sandstones. The displacement is not great only a few hundred feet and the dip of the fault plane is toward the northwest, which is also an unusual feature.
In addition to these features of deformation which appear at the surface, other changes of attitude are introduced by the changes of thickness among the different formations. Such occur in the Lee conglomerate, Newman limestone, _,.., .
Thickening
Waverly shale, Chattanooga shale, and Rockwood formation. All of these formations, except the Waverly shale, thicken toward the southeast, so that the layers at the bottom dip to the southeast more than those at the top. In the Lee conglomerate the thickening amounts to 500 feet between Jamestown and Emory River. In the same direction the Chattanooga shale increases from 30 to 50 feet, and the Rockwood formation from nothing to about 400 feet. The Waverly shale thickens toward the northwest and about equalizes the thinning of the Newman limestone. The total effect of these changes is to give to the formations below the Rockwood shale rather more than double the dip of the strata at the surface.
The latest form in which yielding to pressure is displayed in this region is vertical uplift or depression.
Evidence can be found of such movements at various intervals during the deposition of the sediments. After the great period of Appalachian folding already described such uplifts again took place and are recorded in surface forms. While the land stood in one attitude for a long time, most of the rocks were _ . . o ' Remnants of worn down to a nearly level surface, Penep'ainsor peneplain. One such surface was strongly developed over the Cumberland Plateau and is still well preserved in its broad, flat summits. Its elevation varies along the stream divides from about 1500 to 1700 feet above sea-level. Since the formation of this peneplain, uplift of the land gave the streams greater slope and greater power to wear; they have therefore worn down into the old surface, to depths varying according to their size. The remains of another and earlier peneplain are obscurely seen in the summits northeast of Wartburg, a few of which reach the height of 3000 feet, which is so frequently attained farther to the east. It is probable that there were many such pauses and uplifts in this region, but their records have been almost entirely removed. Doubtless still others occurred which were not of sufncien length to permit peneplains to form and to record the movement.
MINERAL RESOURCES.
Rocks of this region are available for use in the natural state as coal, building stone, and road material. Other materials derived from the rocks are petroleum, iron, \ime} and clay. Through their soils the formations are valuable for crops and for timber; and through the grades which they establish on the streams they occasion numerous waterfalls available for power.
Goal. Bituminous coal occurs in many seams throughout this entire region. The coal-bearing area is part of the large field extending northeast and southwest into the adjoining States. Mines have been opened at Helenwood, Glenmary, Montgomery, and the lower Emory River. The coal produced is used for coking, steam, and household purposes, the greater B||«1"ef part being made into coke. The mines at Helenwood and Montgomery are opened in the Briceville shale, those at Glenmary are just above the lowest bed of the Wartburg sandstone, while those along Emory River are about 30 feet below the top of the Lee conglomerate. The seam at Glenmary rarely attains elsewhere as great a thickness as at that point, although its horizon is almost always represented by a thin seam. The Montgomery and Helenwood seams probably are the same, for, while they are not traced into connection, each is developed over a large area at practically the same position in the strata and is usually of considerable thickness. The small sections given with the stratigraphic column show the beds typical of the vicinity of the mines.
Besides the main coal seams, great numbers of others appear at small intervals throughout the entire thickness of rocks above the Newman limestone. These seams are most frequent near the junction of the Wartburg sandstone and Briceville shale or in the Scott shale. While many of these seams are 20 to 30 inches thick, and occasionally exceed 4 feet, most of them are less than 2 feet thick and too thin for profitable working. More than a dozen seams appear in the mountains east of Wartburg.
The seam mined in the upper part of the Lee conglomerate ranges over the eastern part of the plateau, but it seldom exceeds 2 feet. The coals opened west and southwest of Jamestown are in the shales which are at the bottom of the Lee conglomerate at that point, but which form the middle portion of the formation in districts farther southeast. These coals range in thickness from a few inches to 4J feet, but are quite variable, and are even absent in many sections. Although usually only one coal appears in one section, it is not probable that it is one continuous seam, for its distance below the main conglomerate stratum is very irregular from 80 to 250 feet. The deposition of the formations of that period seems to have varied considerably from one small basin to another. The coals occupy a position very similar to the coal mined farther southwest at Bon Air.
As is shown in the structure sections, the rocks which include the coal beds are very nearly horizontal. South of Obed River the dis-_, .
Flatness of
turbances are often considerable, but thecoalbedselsewhere they are not sufficient to affect the mining of the coal to any extent, and crushing or dislocation is practically absent. Such areas of thinning as occur may readily be due to nondeposition. Nearly all of the coal seams of this region require heavy timbering, since the roof is usually of shale. Occasionally a seam is somewhat protected by a thin roof of massive or shaly sandstone, but never enough to do away with the timbers. The coal seam mined on Emory River, however, occurs between heavy layers of sandstone with practically no shale. Floors of fireclay are very common, but frequently shale or carbonaceous slate replaces it, to the advantage of the mine.
Pett 'oleum. The occurrence of petroleum in adjacent regions 6 to 10 miles west of Jamestown has long been known, and recently fresh drillings have brought more oil to the surface. Within this-quadrangle three wells have been sunk, as shown on the economic sheet. The formation in which oil is found in quantity near Jamestown is the Chickamauga limestone, the same that contains oil in the adjacent Kentucky oil fields. In this region the formation comprises limestones and shaly limestones. These appear at the surface on both sides of Cumberland Plateau and, as shown by the drillings, continue the same beneath the plateau. Oil was found at three levels in these rocks in the Lacey well, 10 miles northwest of Jamestown: 107, 236, and 296 feet below the Devonian black shale. Salt water and traces of oil occurred at one horizon in the Lee conglomerate, 500 feet below its top. Oil appeared at 440 feet below the top of the Newman limestone at Rugby, while in the corresponding stratum at Rugby Road only brine appeared. In the Strubbe well, on Black Wolf Creek, oil was found 230 feet below the top of the Newman limestone. The amount of oil at all these levels was small. Thus far none of the wells of this quadrangle have reached the Chickamauga limestone, the oilbearing formation. The productive wells northwest of Jamestown at first yielded as much as 500 barrels per day, but diminished to 75 or less in a few days, and contained much salt water. The oil varied in color from light-green to dark-green.
The productive district is situated northwest of Jamestown, upon the top of a very gentle anticline whose southeastern slope extends to Rugby Road. At the surface the dip is about 20 feet "to the mile, but the productive strata, Com arjson owing to the thickening of the forma-jamhestoewn tions, already mentioned, dip at a much °'1=field-greater rate, averaging 50 feet to the mile from Jamestown to Rugby Road. In addition to this general relation of dip, there is a zone of greater easterly dip passing south through Rugby, mentioned under the heading "Structure." Zones of greater southerly dip are also mentioned in the same place. South of Obed River lies the most disturbed district in this quadrangle, in which the strata are elevated to greater heights than on the anticline west of Jamestown. The well at Rugby is about two-thirds of the distance down the slope of the anticline, and the wells near Rugby Road are about at the bottom of the slope. As shown in section B, the strata rise for a short distance to the east of this point. With the exception of this narrow zone of uplift appearing at intervals along the eastern border of the quadrangle, the strata have extremely small dips in the region east of this, described in the Briceville folio.
The existence of oil in the strata at these lowest points has not yet been shown, and it is possible that they contain only salt water. One of the layers in the Newinan limestone which bears a small amount of oil at Rugby contains only salt water in the well at Rugby Road, and a similar relation may hold in the lower oil-bearing layers. "Wells situated at the lower border of the eastward slope, if productive at all, would flow, under the pressure of the oil, in the whole slope of the anticline and would also drain much of the area of flat rocks lying toward the east. In the district around Jamestown, access to the oil-bearing strata is easy on account of the great erosion of the overlying beds. Wells situated farther east will have in most cases to pass through the entire thickness of the Lee conglomerate, which increases greatly eastward, and the Newman and Waverly limestones, all of which formations are extremely hard to drill. On the lower part of the South Fork of Cumberland River, wells can be started below the Lee conglomerate, where it is cut through by the stream, and low down on the slope of the anticline. Even here, however, as in all places east of the coves and gorges near Jamestown, 700 to 800 feet of tough Newman limestone and Waverly (shale must be drilled through. In the more eastern parts of this region the Rockwood shale comes in above the Devonian black shale and increases the .thickness of rock above the productive strata. It is possible that the Rockwood shale may become the repository of petroleum in the eastern part of the plateau.
Iron. Many deposits of iron ore are scattered over the plateau. The ores occur chiefly in the form of limestone, and are strewn over the surface or in the clay-soils in small lumps and nodules. They result chiefly from the replacement of calcareous nodules imbedded in the shales, and are never accumulated in bodies of great size. No attempt has been made to use these ores.
Lime. In the Pennington shale and the Newman limestone material for the manufacture of GOLUM Brick-clays.
lime occurs. Most of the latter formation contains too much silica in the form of chert to be available, but many of its upper beds are pure enough for the purpose. Thus far there has been almost no demand for lime, and the formation is practically untried.
Clays. Clays for brick making are commonly found in the hollows along the surface of the plateau, and also occur in many layers imbedded in the coal-bearing strata. The former deposits consist of the wash from the various Carboniferous shale beds. They are widely distributed, and are of considerable size. No use has been made of them, however. The fire-clay interbedded with the sandstones and shales ranges from a few inches to 4 feet in thickness and extends over great areas, like the other sediments. It is seldom thick enough to be worked independently, and in the only mine where it is obtained in this region the clay and the associated coal are worked together. This clay is of very fine and even texture and is used in the manufacture of pottery.
Timber. Much the greater part of this quadrangle is forest-covered, and only in a few districts along the larger streams has the timber been removed. The covering of trees is scanty on the tables of the plateau, and the trees are only of moderate size. In the hollows and gorges soils are richer and the timber growth is strong. Such trees as hickory, chestnut, and oak make up the bulk of the forest, and pine, hemlock, and spruce are numerous near the watercourses. Lumbering is easy on account of the small amount of underbrush, but the distance to market, for the most of this region, has checked all attempts at developing this resource.
ARTHUR KEITH,
Geologist.
May, 1897.
GENERALIZED SECTION FOR THE WARTBURG QUADRANGLE. Sandstone, thin and massive, interbedded with sandy and argillaceous shales and thin coal beds.
Argillaceous and sandy shales with some beds of sandstone and thin coal seams.
Interbedded sandstone, sandy shale, argillaceous shale, and coal beds.
Black, bluish, and gray, argillaceous shale with small beds of sandy shale, sandstone, and thick coal beds.
Massive sandstone with beds of cross-bedded sandstone and conglomerate, thin shale beds, and beds of coal.
Purple and green, argillaceous and calcareous shales interbedded with blue limestone.
Massive, blue and dove limestones with calcareous shale beds; grayish white sandstone near the top; chert nodules and layers more prominent in the lower strata. Coal.
